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Well-documented efficacy and fewer side effects than anti-inflammatory drugs
make glucosamine sulfate a leading therapeutic option for treating and preventing
osteoarthritis.
Booming interest in the field of complementary and alternative medicine, with increased patient visits to these providers, requires that pharmacy professionals develop
an understanding of these therapies, which nearly half of all customers are using.1
Furthermore, without mandatory licensing of complementary and alternative providers (many states still allow unrestricted use of the title Naturopathic Doctor [ND], for
example), it is important that pharmacists educate consumers not only on well-documented therapies but also on finding well-educated com-plementary- and alternativemedicine professionals. Advice-giving laypersons, mail-order complementary- and
alternative-medicine diploma holders and healthfood-store clerks have little, if any,
formal clinical experience and have not taken boards in complementary and alternative
medicine, and – because they lack formal education in botanical medicine, therapeutic
nutrition and the interactions of these therapies with pharmaceuticals – may make
harmful recommendations.
This situation affords the pharmacy professional a few options: (1) Enroll in one of
two accredited naturopathic medical schools for a minimum four- to five-year, fulltime postgraduate program of study for a degree in naturopathic medicine (Council
on Naturopathic Medical Education, oral communication, September 1998);2 (2)
enroll in one of over 50 accredited schools of acupuncture and a minimum three-year
course for a degree in acupuncture or Chinese herbal medicine; (3) self educate with
reputable resources, becoming familiar with complementary- and alternative-medicine
therapies that may be of benefit; or (4) find and develop a cross-referral relationship
with a credentialed ND or licensed acupuncturist. The latter two options, more
practical for most pharmacists in practice, are what I will attempt to begin to facilitate
by, first, reviewing the evidence on clinical applications of glucosamine sulfate (one of
the most popular nutritional supplements); and, second, providing referral resources
for well-trained complementary- and alternative-medicine providers.

Structure and Biochemistry
Although most health professionals are introduced to glucosamine’s effects through
anecdotal reports or research analysis, review of glucosamine’s biochemistry alone
affords understanding of its in vivo efficacy for cartilaginous health.
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Glucosamine (or 2-deoxy-2-amino-a-D-glucopyranose) is one of the two most common 2-amino-aldohexoses, the other being galactosamine. These amino sugars serve
as components of polysaccharides, glycosaminoglycans and glycosphingolipids, which
in turn provide structure to all cells in the living organism.3 Aside from providing a
matrix for all cells, glycosaminoglycans (including hyaluronate, keratan sulfate,
heparan sulfate and heparin) are the fundamental subunits of cartilage, synovial fluid,
intervertebral disks, lung tissue, vessel walls and intestinal mucosa.3 Glucosamine,
therefore, by serving as an essential constituent of these glycosaminoglycans, is an
even more basic subunit of cartilage and the other structures. With an appreciation of
this biochemistry, it would be unexpected for glucosamine supplementation not to
promote cartilaginous health.
Sulfate also seems important in this equation for several reasons. First, with the
exception of hyaluronate, all glycosaminoglycans contain sulfate groups in ester
linkages with the hydroxyl groups of the amino sugar residues, meaning sulfate is an
integral component of the subunits of the cartilaginous matrix. Second, the presence
of sulfate groups provides the glycosaminoglycans with a high negative-charge density
that makes them hydrophilic. This in turn increases the osmotic pressure within the
matrix, contributing to important characteristics including turgor, tensile strength,
resistance to compression and maintenance of volume.3 Third, studies have not only
demonstrated that sulfate depletion inhibits normal glycosaminoglycan synthesis, but
also that supplemental sulfur can benefit patients with chronic arthritis.4-6 Considering
this biochemical and investigatory evidence, using the combination of glucosamine
and sulfate seems appropriate, as both are precursors for glycosaminoglycans and joint
cartilage.

Pharmacology
Glucosamine sulfate has several actions. It serves as a precursor for, and inhibits the
degradation of, proteoglycans (the ground substance of articular cartilage); it rebuilds
experimentally induced cartilaginous damage; and it has chondroprotective and
antiarthritic effects.7-10 Furthermore, glucosamine sulfate’s stimulation of proteoglycan
synthesis is dose dependent.11 Glucosamine sulfate has very mild anti-inflammatory
and antireactive effects on edema-provoking agents including carrageenan, dextran,
acetic acid and formalin. Glucosamine sulfate also inhibits in vitro superoxide generation and lysosomal enzymes of the liver.10,12
Absorption of oral glucosamine sulfate is highly efficient (with studies showing a 90%
to 98% absorption), although parenteral use of glucosamine sulfate does achieve a
fivefold higher plasma concentration.13,14 In animal and human studies, radiolabeled
intravenously (IV) or intramuscularly (IM) administered glucosamine sulfate showed a
demonstrated serum clearance half-life (initial) of 13 minutes. Incorporation of
glucosamine sulfate into a and ß globulins of the plasma begins at 20 minutes after
administration, reaches a peak at eight to ten hours, and then declines, with a half-life
of 2.9 days. Interestingly, articular cartilage and a few other tissues display active
uptake for glucosamine sulfate; while passive diffusion is typical of most tissues.14-16
Glucosamine sulfate has been shown to cross the blood-synovial barrier; and, despite
resulting in lower serum concentrations than with parenteral use, orally administered
glucosamine sulfate has near-identical pharmacokinetics after the first-pass effect of
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Percent reduction of Lequesne's Index of Severity
in 90-day study comparing glucosamine sulfate and other
drugs used to treat osteoarthritis.
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the liver.11, 14, 15 Clearance of the radioactivity from radiolabeled glucosamine sulfate
was primarily via the lungs (~50%) as carbon dioxide, the kidney (~35%) as glucosamine and the feces (~2%).15, 16
Oral Use for Osteoarthritis and Degenerative Joint Disease
Multiple double-blind studies have demonstrated efficacy of oral glucosamine sulfate
in the treatment of degenerative joint disease, which affects over 40 million Americans, an estimated 90% of persons over age 60, and is the leading cause of disability in
persons over age 65.17 One such study includes Drovanti’s comparison of glucosamine
sulfate to placebo in 80 inpatients with established osteoarthrosis. With a dosage of
500 mg three times a day for 30 days, patients in the active treatment group showed a
32% greater improvement in articular pain, joint tenderness, swelling and restrictions
in active and passive range of motion. Likewise, patients in the glucosamine sulfate
group improved significantly faster and had articular cartilage more healthy in appearance (via electron microscopy) than those taking placebo.18
A study with glucosamine sulfate by Noack and colleagues on 252 outpatients with
osteoarthritis of the knee, however, found more conservative benefits. Lesquesne’s
severity index of at least four, symptom duration of at least six months and radiological
disease stage between I and III were required for admission to the study. Patients were
treated with either glucosamine sulfate 500 mg three times a day, or placebo, for four
weeks; and response was defined as a three-point reduction in Lequesne’s severity
index and a positive assessment by the investigator. Results produced a 55% response
in the glucosamine sulfate group vs. 38% in the placebo group, demonstrating a
conservative 17% greater margin of efficacy for glucosamine sulfate, with no differences in tolerability between the two substances.19
Several other studies, however, have also shown glucosamine sulfate to have a significantly greater efficacy in reducing pain, joint tenderness, swelling, and restricted
movement compared to placebo, with measured improvements in physical-exam
scores of 43.3% in as little as 16 weeks in patients with osteoarthritis.20,21 Glucosamine
sulfate also has demonstrated chondroprotective effects as measured by urinary
pyridinoline.22
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More convincing, perhaps, are studies that compare
glucosamine sulfate to other drugs used to control osteoarthritic pain. In one such study, where glucosamine
sulfate 1500 mg/day was compared with piroxicam 20
mg/day, glucosamine sulfate + piroxicam and placebo,
glucosamine sulfate was determined to be more effective.
37
Random assignment of 329 patients to the four groups,
with treatment lasting 90 days and evaluation at 90 days
and 60 days after treatment cessation, was carried out
7
using Lequesne’s index of severity as the primary outcome
Glucosamine
Ibuprofen
measure. Data at end of treatment showed Lequesne’s
Sulfate
index of severity reductions of 48% (glucosamine sulfate),
% Experiencing Adverse
Reactions 28
37.9% (piroxicam), 46.3% (glucosamine sulfate +
piroxicam) and 13.9% (placebo). Likewise, reduction of
Lequesne’s index of severity scores from baseline 60 days
after treatment cessation were 46.3% (glucosamine sulfate), 21.1% (piroxicam), 44.6%
(glucosamine sulfate + piroxicam) and 9.9% (placebo), showing not only glucosamine
sulfate’s superiority, but also its retained therapeutic effect after discontinuation of
treatment.23
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Likewise, at least two studies (one multicenter, both randomized and placebo controlled) comparing the occurrence of adverse events with glucosamine sulfate and
piroxicam also showed glucosamine sulfate to be superior.24,25 Occurrence of side
effects was 40.9% (piroxicam), 35.9% (glucosamine + piroxicam), 14.8% (glucosamine
sulfate) and 24.4% (placebo).24
Studies comparing glucosamine sulfate to ibuprofen are also impressive. In one, by
Miller-Fassbender and others, 200 patients with osteoarthritis of the knee, with an
average Lequesne severity index of 16 for at least three months, were enrolled. Patients were randomly assigned to receive either 500 mg glucosamine sulfate three
times a day or 400 mg ibuprofen three times a day for four weeks, with evaluation of
efficacy after each week of treatment. Although after the first week there was a higher
number of responders in the ibuprofen vs. the glucosamine-sulfate group (48% to
28%), by week two there was no statistically significant difference in the number of
responders in each group (about 50% responders). This congruence in the response
rate between the two groups continued for the remaining weeks of the study, with an
average drop in Lequesne severity index of greater than six points by the study’s end.
Comparison of adverse effects between the two groups, however, showed considerable
variance. Glucosamine sulfate had a 6% and 1% occurrence of adverse events and
related dropouts compared to ibuprofen’s 35% and 7%, respectively.25
Another comparison study between glucosamine sulfate and ibuprofen showed glucosamine sulfate to be superior. Lopes, using the same dosage pattern as in MillerFassbender’s study, investigated the effects of glucosamine sulfate and ibuprofen for
eight weeks in 40 outpatients with unilateral osteoarthritis of the knee. Again,
although treatment with glucosamine sulfate produced a slower rate of pain reduction,
its cumulative pain-reducing effects surpassed that of ibuprofen by week eight.26
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Yet other double-blind, randomized trials comparing glucosamine sulfate and
ibuprofen found glucosamine sulfate to be either as effective as, or more effective
than, ibuprofen, while being considerably better tolerated.27,28 For example, Qui and
co-workers found glucosamine sulfate to be more effective than ibuprofen in parameters measuring pain at rest; pain during movement; and pain with pressure, swelling
and therapeutic utility; while Rovati found adverse reactions rates of 37% with
ibuprofen compared to only 7% with glucosamine sulfate.27,28
Parenteral Use for Osteoar thritis/Degenerative Joint Disease
Studies using parenteral administration of glucosamine sulfate are particularly intriguing. In a study of 40 patients by Vajaradul, weekly intra-articular injections of glucosamine were compared to 0.9% sodium chloride (of like dosage frequency) for five
weeks. Glucosamine was found to reduce pain, produce more pain-free patients and
increase the angle of joint flexion at levels significantly better than the sodium chloride. Glucosamine did not increase knee swelling, as did sodium chloride; and the
effects of glucosamine persisted for at least one month after cessation of treatment.29
Another study by Reichelt and colleagues found efficacy with six weeks of 400-mg
biweekly IM injections of glucosamine sulfate in improving Lequesne severity index
scores in 155 outpatients with osteoarthritis. In this study, glucosamine sulfate
afforded a response rate of 55% compared with placebo’s 33%. Furthermore, glucosamine sulfate was shown to reduce Lequesne severity index scores at a level
significantly greater than placebo, while having even fewer adverse events.30
Combination Par enteral/Oral Use for Osteoar thritis/Degenerative Disc Disease
A few studies using IM or IV glucosamine sulfate or a piperazine/chlorbutanol combination followed by oral glucosamine sulfate or placebo were performed to assess
efficacy and tolerability in treatment of osteoarthritis. Patients received either
glucosamine sulfate 400 mg or piperazine/chlorobutanol IM or IV daily for seven
days, followed by 1500 mg oral glucosamine sulfate or placebo for 14 days. During
parenteral treatments, pain at rest, pain during active and passive movement, restricted function and time to walk 20 meters improved to a faster and greater extent in
the glucosamine-sulfate group. Likewise, during oral maintenance, the glucosaminesulfate group continued to improve; while the placebo patients reverted to symptom
scores near pretreatment levels. Finally, 27% of the glucosamine-sulfate group
achieved symptom-free status vs. none in the control group.8,31
Likewise, Mund-Hoym, who also used combination IM and oral administration of
glucosamine sulfate, found it as effective, faster to achieve a clinical result and without
side effects in comparison to phenylbutazone.32
Chondropathia Patella
One study of 68 young athletes with chondropathy (Bentley first to third degree)
received glucosamine sulfate 500 mg three times a day for 40 days, then 250 mg three
times a day for 90 to 100 days. Seventy-six percent had complete involution of
symptoms including pain at rest; while walking, standing, and sitting; and during
movement; as well as rubbing noise, pain at displacement and pain with pressure.33
Perhaps, as this study suggests, glucosamine sulfate may provide benefits in athletes
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to promote joint healing postinjury, in addition to its well-documented effects in
degenerative joint disease.
Ather oscler osis (Theor etical Use)
Several investigators have postulated that glucosamine sulfate, which serves as a
subunit in the development of glycosaminoglycans like heparan sulfate, may have
antiatherogenic effects. A proposed mechanism includes promotion of endothelial
heparan sulfate production, which in turn may prevent migration, multiplication and
phenotypic transition of smooth muscle cells; and/or maintenance of an anticoagulant
luminal surface by bonding with and activating antithrombin III.34 Preliminary studies
seem to support the hypothesis of the antiproliferative effects of glucosamine on
smooth muscle cells, but sufficient evidence is unavailable to determine if glucosamine
sulfate has any antiatherogenic effects.35, 36
Dosage and T oxicity
Virtually all supporting evidence behind the use of glucosamine sulfate has been on an
adult oral dosage of 500 mg three times a day (1500 mg/day) or 400 mg parenteral use
(varying from daily dosage for seven days to biweekly dosage lasting six weeks).8,17-32
Despite parenteral use achieving fivefold higher serum concentrations, oral glucosamine sulfate (typically derived from chitin) does show a high efficiency of absorption and yields similar symptom improvements in objective parameters of evaluation.13,14 Recommended oral daily dosage for obese individuals is 20 mg/kg body
mass13,37 in divided doses, and evaluation of efficacy (for all adults) should ideally begin
after at least six weeks of administration. Since effects of glucosamine sulfate are not
permanent despite being typically maintained for three to six weeks after treatment
cessation, long-term use is generally required to maintain therapeutic effect.
No toxicity has been reported with glucosamine sulfate use. No LD50 is established;
and glucosamine sulfate has been safely administered to patients with circulatory, liver
and lung disorders, diabetes, and depression without observed interference in the
condition’s course.37
Side Effects and Potential Interactions
Glucosamine sulfate is extremely well tolerated, with no reports of allergic reactions.13,22-29 In fact, several studies demonstrated glucosamine sulfate to have the same
or an even lower incidence of side effects compared to placebo.8, 19-21, 30-32 Side effects,
although infrequent, can include epigastric pain, heartburn, diarrhea and nausea.37
Since glucosamine is predominantly eliminated via the genitourinary system, use of
agents that promote diuresis can increase clearance; reduce bioavailability; and,
therefore, necessitate increasing the dose of glucosamine sulfate.13,37 Individuals with
peptic ulcers seem to have an increased incidence of side effects and, therefore, may
need to take glucosamine sulfate with meals.13,38
With a growing public demand for alternative, complementary, natural or integrated
approaches in treating disease, it is increasingly important for pharmacy professionals
to not only self educate on complementary and alternative medicine using reputable
resources, but also to develop referral relationships with well-trained complementary
and alternative-medicine providers. Glucosamine sulfate, a popular and effective
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“natural” medicine, is well documented for osteoarthritis; not only through our
understanding of the biochemical pathways in glycosaminoglycan production leading
to cartilage formation, but also through numerous double-blind clinical trials as well.
Comparative studies of glucosamine sulfate with nonsteroidal anti-inflammatory drugs
have shown glucosamine sulfate to be either similarly or more effective in subjective
and objective parameters of measure. Glucosamine sulfate is, however, superior to
nonsteroidal anti-inflammatory drugs in that it is better tolerated and does not share
nonsteroidal anti-inflammatory drugs’ side effects and toxicity.
In addition, unlike nonsteroidal anti-inflammatory drugs (which inhibit cartilage
formation), glucosamine analogously promotes cartilage repair.39, 40 Parenteral use of
glucosamine sulfate is well studied; affords considerably higher serum con-centrations;
and, if available, seems appropriate in preceding oral glucosamine-sulfate therapy.
While preliminary and hypothesized use of glucosamine sulfate to promote recovery
after joint injury and as an antiatherogenic agent is fascinating and deserves more
investigation, the use of glucosamine sulfate in osteoarthritis is well established.
Although other effective natural approaches, including hypoallergenic diets; manipulation or plant medicines like zingiber, boswellia, curcuma and capsaicin; or even
conventional pain-controlling measures, can be employed, such methods do not share
glucosamine’s unique position as an effective treatment for joint degeneration.41-44
Glucosamine’s notable effects – including reduction of pain; improvement of mobility;
improvement of range of motion; and, perhaps most importantly, promotion of
cartilage regeneration (all with a high index of tolerability) – make it a leading choice
in the treatment and prevention of osteoarthritis.
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